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Effects of Prahe Dogs on Physical and 
Chemical Properties of Soils 

Muchofthelrtsrakrnonthee&fkctudpi&ne 
d o g r r ( c y n 0 a r y s ~ ) ~ * ~ O f * ~ ~  
a b a u t t h s ~ ~ d g p o o a d s b y t b e ~ ~  
l-rieBoll(C, -I - -* - 
et& 1971,pdter~,whrtedcarloon1984,  
ctnca#a ISSS, SB9, Carbon a d  wbrte 1987, 
19883 Tka wWa=taded p m e  dog (C larrcwus) 
has been atu&ed less mtensively by peddogsts, 
perhaps because it doea not bsuld large rnounda 
(Roford196&W&naadLechlmtnerl966,CIark 
1971, 1977, Stromberg 1978, Fkth and Pauhck 
1979, schloemer 1991) Mmt of the htarature on 

eff' of p r m e  dog aetantms on scnl proper 

mmng from the burro- of these ammals Since 
Thorp (1949) calculated that prame dogs (specxes 
not even) btult 54 6 metne tons ofmound matenal 

IS about &e efFects of pedotuhfaon or sod 
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Literature Review 
Koford s (1958) monograph provldes an exten 

sive lscussion of the interrelations between prai 
ne dogs the soil plant communities and hve- 
stock He lists adhtions of organic matter and 
nutnent salts, improvement of soil structure and 
increased water infiltration as beneficial effects of 
praine dog activlty Koford calculated that 12 bur 
rows have a volume of 2 7 m3 (95 cubic feet) and 
represent the removal of 3 63 metnc tons (4 tons) 
of soil to the surface He considered t h s  a reason 
able estimate for 0 4 ha of an established praine 
dog town W h ~ t e  and Carlson (1984) calculated 
that 550 years are reqmred to cover a hectare mth 
mounds and that 8,800 years are reqmred to cre 
ate a hectare of burrows, assuming the prame 
dogs constructed new burrows each year, which 
they do not do They concluded that the effect o f  
soil muong by rodents may be greatly exaggerated 
in the literature Black tailed praine dogs mlx soil 
excavated from their burrows mth surface soil 
gathered from the area surrounlng their burrows 
to create a large compact mound (Koford 1958 
Smith 1958) The mounds of whte-hled praine 
dogs however are simply a pile of subsoil removed 
from the burrows (Clark 1971) The black-tailed 
prmne dog bmlds larger, more complex burrows 
(nleston and Lechleitner 1966, Sheets et a1 1971) 
and probably mmes greater volumes of soil over 
time However, Clark (1971) concluded that there 
was no species specific pattern of tunnel excava 
tion Seemngly, the burrow system is continu 
ously enlarged and mohfied whde it is occupied 
(Longhurst 1944) Burrows occupied by female 
whte truled prame dogs m t h  htters are enlarged 
throughout the penod when the young are rmsed 
(Flath and Pauhck 1979) An adhbonal consid- 
erahon is the enlargement of  p m e  dog burrows 
by badgers (T'dea faxus) Campbell and Clark 
(1981) reported that 10-2796 of the burrows on the 
sites they s tuled had been enlarged by badgers 
m pursmt of prame dogs 

Potentially harmful effects of prame dogs on 
sods include accelerated erosion because of 111 

creased bare ground from removal of vegetation 
(Koford 1958) and the calcification of noncal 
careous surface honzons from the m d u r e  of car 
bonate (CaCOd nch subsoil matenal As an exam 
ple of  the latter effect soils mapped on the north 
flank of  Sheep Mountain in Albany County Wyo 
ming are a complex of HaplarBds and Calcior 
thids where the rodents converted appreciable ar 

eas of soils mth noncalcareous argdlic hollzons to 
soils that are now calcareous throughout the pro- 
file (Soil Conservahon Semce,  Casper, Wyormng 
unpublished data) - 

Praine dogs apparently prefer flat open areas 
and o h n  colome old fields (Longhurst 1944, Ko- 
ford 1958 Dalsted et a1 1981) Dalsted et a1 
(1981) listed four characteristics of sites that 
black tmled praine dogs prefer 

1 deep sods free from excessive stoniness 
2 mnimal floodmg hazard, 
3 moderate or better productivlty of soils, and 
4 slopes of less than 9% 

Prame dogs also &g, however, in gravelly soils 
and in soils of extremely high density (so h g h  that 
hggmg is lfficult for a human mth a steel shovel), 
and on soils mth only sparse vegetation mte 
tailed priune dogs and Gumuson's prame dogs (C 
gunnzsont) mhabit more steeply sloping sites than 
black truled prame dogs (Longhurst 1944, Koford 
1958 Fitzgerald and Lechleitner 1974) In large 
contiguous towns, the burrows are unevenly 
spaced, apparently in response to food and sod 
conltions (Sheets et al 1971) Density and &stn 
bution of praine dogs are more likely controlled by 
avmlable food than by edaphc condihons mth the 
exception of the exclusion of rodents by hgh water 
tables (Koford 1958) 

Carlson and white (1987) pronde dehled  data 
on soil chemstry (pH, N, P) and sod color in two 
black tailed p r i n e  dog mounds that they tran- 
sected in South Dakota They reported e m c h  
ment 111 P but concluded that effects by prame 
dogs on soils were mostly confined to the mound 
area itself Cmcotta (1985) reported Merences m 
soil orgamc matter, available phosphorus, and 
available nitrogen in black-tailed prame dog 
towns of vaqmng ages and in a+acent unoocupied 
areas Early m the year, avadable P and N were 
hgher m sods m the prame dog town than m the 
adjacent undisturbed soil Potter (1980) found 
hgher orgamc matter contents in crater mounds 
of the black tailed prairie dog than in  dome 
mounds and in intermound topsoil Tadzhyev and 
Odmoshoyev (1987) reported similar changes as a 
result of burromng actinties of marmots (Mat 
mota cuudatu Leoff) in the Pamrs where the 
rodents excavated 6-8 burrows/ha The marmots 
increased soil pH in the mounds by bnngmg car 
bonate rich subsoil to the surface brought stones 
to the surface decreased soil humus (except in 
Alpine desert where it increased) and altered the 
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distribution of N and P m the soil profiles Carlson 
and %te (1988) reported lncreases in pH in the 
mounds but not m the n o n m o d  areas in a black 
ta11ed praine dog town 
Because more soil area IS &d by the mound 

than by the burrow (wtute and Carbon 19841, 
changes in soil ehemtry probably reach beyond 
the area d m d y  excavated by the anmals Schloe- 
mer (1991) invesbgated whrte tailed p m n e  dog 
colomes on soils dewed from a Cretaceous age 
m a m e  shale m the Shrrley Basln m Wyommg He 
reported that prame dog colo~lles cain be located 
v~sually from d~stances of 100 rn or more because 
of the enhanced vigor of sagebrush (ATternzsua trz 
dentutu) ln the colony area The dommant soils of 
thm landscape have dense subsods ofclayacpmu- 
labon and appreciable sodium ma) on the ex 
changec~kbatnchone<me,SoilSurveyStaf€ 

gypsum, and salts He attnbrfed the gtepter pro- 
duclzvity of sagebrush m the colony 8 ~ e ~  to several 
XIUXhlUSmS 

1987) and subs&fb Segregataon of&nates, 

anlnrreasemmacroparorntyof~sod, 
the subsbtuhon of calcium €or sodnun on the 
exhaqp complex as a rpIsllft o f h  W e r  of 

deeper penetrataon of prempitstmn w ares& of 
l n d e l e c t r o 1 y t . e  content ofd3ltratangram 
water, and 
lncarporatron of organ~c mate- mto the md 
as plant parts and feces 

The NatrsgB(scnl taxonomy names after Sod 

gypsrferoue S d ? 8 0 l l S b t ? l & d  8&, 

survey SW&WI rn the shvley ~asln are rep* 
sentatwe of oxm4ype of d tbat probably xwponda 
P0prt;ltely to phturbataon Farnwrs commonly 
amend such rails mth gypsum and. manure to 
~ p r o v e ~ ~ ~ o Z w a t e r  

Tbhtesatamonthe edhtaofpraum dogs on 
v e g e t a ~ s s ~ ~ d ~  ZOMerriams 
(1W)l) adcdatmn that the occupants ofme large 
colony of bIack4Wed pnvla I.U Tarae con- 

hon cnttle Recent hterature refIecte gmater real- 
mm and c0nmt.s of reporb on the &verse &hts 
on plant COIMIUXU~~ -, p b t  phymofoa 
and biomass (Clark and Kmker 1970; Borzbam 
and Lem& 1976, Bonham an& Hanaan 1978, 
matt and Hem 1978, Coppock et aL lN& Ursek 
1985,1987, Agnew et al 1986) Authors mta prar 
n e  dog-madud changes m plant vlgor, specles 
cornposhon, plant b&t, plant nutnent content, 
biomass and repductaon success, and h h r  and 

~~medsnoughforaea a h  -to ~\rpprat I 6 mrl- 

bare ground CharaCtenstCcs Virtually all of these 
changes can be qxpocted to affect soil carbon stor 
age, nutrient cycles, c h e m t q ,  and morphology 
Agnew et al 0986) reported that prmne dog ac 
tivlty contniuted to species nchness and to 
patchess of the ecosystem “Ius ecosystem dI- 
versrty is exploited by other s p e s  of wddhfe 
mclu&ng heon (Bpson b a n ) ,  pmnghom W d o  
cap- ameruxna), blaek-fmted ferrets (Mustela 
ntgrapes), end a ofbuds, small mammals* and 
insects (Wilcomb 1954, Coppock et a1 1983, Ag- 
newetal 1986) 
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evldence of cryoturbation dunng penods of perma 
frost (Mears 1981, Munn 1987) Complexes of soils 
occur where Haplargds are apparently converted 
to Calaorthds (Table 1) as a result of mmng by 
rodents-both prame dogs and the &chardson's 
ground s q m e l  (Spermphrlus mharakoni) and an 
apparent decrease in effective precipitation smce 
the soils o n p a l l y  formed ARer excavabon of sub- 
sod carbonates to the soil surface by rodents pre 
sent day preclpitabon is msuffiaent to leach the 
carbonates from the surface tier hkung by the 
rodents also hstnbutes gravel from the subsoil 
throughout the he-textured surfiaal layers The 
conversion of Haplargds to Calclorthds can pro- 
foundly reduce vegetahve biomass For example, 
the Dalqulst senes (Borolbc Haplared) has a rated 
productivity of 1,300 kg / ha compared with 
450 kg / ha of the Browtme senes (Borolhc Calaor 
h d ,  Sod Conservahon Semce) 

Praine dogs frequently &g through the solum 
of the soil on sideslopes and bnng fragments of 
soft bedrock (often shale or sandstone) to the sur 
face where its weathenng is accelerated Vrtually 
all exposures of soil profiles m grasslands reveal 
krotovmas, the casts of rodent burrows These 
features are assumed by pedologrsts to persist for 
long penods (hundreds of years), but their persut- 
ence is not well documented (Borst 1968, Allgood 
and Gray 1974) Observations of the effects of 
priune dog removal on vegetation (Bishop and 
Culbertsen 1976 Uresk 1985, 1987) have gener 

ally been conducted for too short a time to allow 
understanding of the long term effects of burrow 
ing on soil properties 

M ~ x i n g  of Soil by Prairie Dogs 
Because of the mde range of burrow densities 

(Table 2) and burrow and mound volumes (Table 3) 
any calculabon of possible turnover or mmng rates 
by prame dogs must be prefaced by a careful hsisng 
of assumptions White and Carlson (1984) used 62 
burrows per ha a burrow hameter of 15 cm, and 
an average mound hameter of 0 6 m They calcu 
lated that prame dogs could create a hectare of 
mounds m 550 years and a hectare of burrows m 
8,800 years lfthe ammals constructed new burrows 
each year lh led them to conclude that the effed 
of the rodents on mmng sod matenals descnbed m 
the bterature may often be exaggerated. However, 
compared wth the normal hme scale of soil forma 
bon such turnover rates are qulte rapid 

For a representative calculation of rmxlng rates 
in a whte-Med p r m e  dog colony I used 20 
burrows/ha,  a n  average burrow volume of  
0 15 ms, and a mound hameter of 0 5 m for non- 
matemty burrows and 1 0  m for matemty bur 
rows Ten percent of the burrows were assumed to 
be matemty burrows mth a volume of 0 30 m' 
Approxmately 20% of the burrows were presumed 
to be excavated by bad ers to four tunes them 
ongmal volume (0 60 m ) Finally, new burrow Q 

Table 1 Compartson of Dalqutst (Haplargd and Browtrlte (Calcmrthd) sod profiles in a prarrze dog 
affected sod complex, Albany County Wyoming (Sod Conservatmn Servm 1988) 
Depth Color lOYR huea heearth Coarse fragments CaC03 

Honzon (cm) (valuefchroma) terrturalclass (%) (46) Effervescence pH 

Dalqwt 
A 0-5 61 2 d , 4 / 2 m  81 
BA 5-13 5 f 3 d  4 1 3 m  scl 
Bt 13-38 5 f 4 d  4 f 3 m  ecl 
Bw 38-50 6 f 6 d  5 1 4 m  Scl 

Bkl 50-63 6 1 4 a  5 1 4 m  Sl 
Bk2 63-150 6 f 4 d  5 f 4 m  SI 

A 0-8 5 f 3 d  4 f 3 m  sl 
A3 8-22 6 1 3 a  5 f 3 m  sl 
Bkl 22-35 m a , 7 1 3 m  sl 
Bk2 35-78 8 1 2 a  7 1 3 m  1 
c 78-150 6 1 6 a  516m Sl 

Browtmeb 

'Color d = dry m = moist 
10%-50% surface cover of pebbles cobbles and stones 

50 
50 
45 
40 
85 
55 

40 
55 
45 
75 
80 

- 
- 
- 
6 

35 
8 

7 
18 
37 
36 
7 

- 
- 
- 
dwcontmuous 
vlolent 
sftong 

strong 
vlolent 
vlolent 
vlolent 
strong 

7 0  
7 2  
7 2  
7 5  
8 6  
8 2  

8 0  
8 2  
8 4  
8 6  
8 2  
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Gunmeon sa 

Gumuson 8 

Black-tadedb 

57 

2-5 (sagebrush) 
37-49 (fields) 
74 (mtunmum) 
3 

- 
9 <grass) 
42 
247 
64-128 
54 

€03 
a4 
25 (s-129) 
21 (11-67) 

07 
0 7-3 7 
89 
59 

- 

Rtzgerald and Lede- 

Longhurst (1944) 
(1974) 

Sheets et al (1971) 

Only 10% hadmounds 
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svstems were assumed to be constructed every 10 
years and the depth of the burrows 1 5 m 

Based on the descnbed assumptions praine 
dogs produced 5 1 m2 of mound basal area, which 
if renewed every 10 years covered a hectare in 
19 600 years Mixing of the 1 5 m of soil by the 
rodents occurred in 29 760 years during continu 
ous occupation of the colony T h s  estimate is low 
because the rodents were rediggmg some of the 
same soil material each time Because of  their 
usual greater burrow density black tailed prairie 
dogs mlxed soil at a greater rate (perhaps as much 
as five fold) Episodic depopulation of the colony 
slowed the rate o f  change However, even if the 
final estimate is doubled or tripled (100 000 years 
for soil muring and 20,000 years for coverage of the 
ground ulth subsoil Cmoundl material), the time 
penod is still relatively short compared mth the 
age of many soils in the intermountam basins o f  
Wyoming and the high plains 

Honzons o f  alluvlal clay accumulation on Pleis 
tocene surfaces are probably relicts in soils with 
more than 15% clay in the surface (E) horizons 
under the present climate in Wyoming's basins 
(<35 cm annual precipitation) Textural stratifica 
tion with depth is a relict condition inherited from 
the parent matenal in soils developed in alluvmm 
and in soils developed in interbedded sedimentary 
rocks of contrasting texture (e g , sandstone over 
shale) In these situations admixture of calcare 
ous and gypsiferous subsoil to the surface of the 
soil creates a permanent change in soil chemistry, 
and admixture of  subsoil matenals to surface ho 
mons permanently changes soil texture These 
changes cause a patchiness in the vegetation on 
the site until mrtually all of the site is affected by 
rodent activity Despite the apparently irre 
versible nature of some of these effects praine dog 
colomes are irregularly distnbuted in the land 
scape and their populahons fluctuate markedly 
over time The net effect of their activity is to 
increase diversity in the environment-diversity 
in soil properties and in plant community charac 
tenstics 

Where goals of management call for expansion 
of existing prairie dog towns or reintroduction of 
praine dogs to sites from which they were elimi 
nated in the past prediction of the probable effects 
of praine dog burrowing on soils and associated 
vegetation mav be desirable In the intermountain 
basins of the Rocky Mountains and adjacent high 
plains major changes in plant growth will prob 

ably occur as a result of burrounng by prairie dogs 
These changes are expected 

1 on alluvlal soils wth  abrupt contrast in texture 
between horizons (loamy layers over gravelly 
layers) 

2 on Haplarg~d profiles where noncalcareous sur 
face layers (E and Bt horizons) overlie carbon 
ate and salt rich Bk By and Bz horizons 

3 on Natrapd profiles where the s d u m  affected 
Btn h o m n  is underlam by gypsum (By honzon), 

4 on shallow Torriorthents (young poorly devel 
oped soils) where soft bedrock is brought to the 
surface and weathemg accelerated and 

5 on favored sites where burrow density is greatest 

Least affected wl l  be soils of extremely uniform 
texture (e g , Psamments) and soils mth  very thck  
A honzons (pachc and cummuhc Subgroups of 
Mollisols) on sites mth h g h  water tables (aquic 
Suborders and Subgroups) 

References 

Agnew W D W Uresk and R M Hansen 1986 Flora 
and fauna asmated wth pmne dog colomes and adja 
cent ungrazed muredgrass p m e  111 western South 
Dakota Journal of Range Management 39 135-139 

Allgood F P and F Gray 1974 An ecolog~cal interpreta 
tion for small mounds m landscapes of eastern Okla 
homa Journal of Enwronmental Quality 3 37-41 

Bishop N G and J L Culbertsen 1976 Decline of 
praine dog towns in southwestern North Dakota 
Journal of Range Management 29 207-220 

Bonham C D and J S Hannan 1978 Bluegrama and 
buffalograss patterns in and near a p m n e  dog town 
Journal of Range Management 31 63-65 

Bonham C D ,  and A Lerwick 1976 Vegetation 
changes induced by praine dogs on shortgrass range 
Journal of Range Management 29 221-225 

Borst G 1968 The occurrence of crotovlna m some 
southern Cahfomia soils Transactions of the Ninth 
International Congress of Soil sclence 2 19-27 Ade 
laide Australia 

Campbell T M I11 and T W Clark 1981 Colony char 
actenstics and vertebrate assmates of white tailed 
and black tailed praine dogs in Wyoming Amencan 
Midland Naturalist 105 269-276 

Carlson D C andE M White 1987 Effectsofpraine 
dogs on mound soils Soil Science Society of Amenca 
Journal 51 389-393 

Carlson D C and E M White 1988 Vanations in 
surface laver color texture pH and phosphorus con 
tent across praine dog mounds Soil Science Society 
ofAmenca Journal 52 1758-1761 



t >& 
f; 

t 

--- 

vi 


